Introduction
Coastal zones and shallow marine areas are among the most productive systems in the world (Mann, 1988; Glantz, 1992) . They form the main fishery grounds on Earth (Postma & Zijlstra, 1988; Sherman et a1.,1991) . One of the major worldwide problems, in densely populated areas, is the eutrophication of these eshrarine and coastal waters (Nixon, 1990; Gray, 1992; ' Doering, 1996; Boesch 2002) . For most temperate estuaries and coastal ecosystems, N is the element most limiting to primary production and most responsible for eutrophication (Howarth, 1988; Howarth et al., 1996 , Nixon et a/., 1996 . Since the reduction of phosphorus inputs from polyphosphate-containing washing powders, phosphorus concentrations in estuarine environments have decreased, while nitrate concentrations remained high (van Damme et al.,1995; Billen & Garnier, 1997; Zwolsman, 1999) . In contrast to N and P, the silica concentration in estuaries is only indirectly influenced by human pollution. Diatom communities require about equal amounts of N and Si. Diatoms are an essential element of coastal water food chains.
Increased N-concentrations can lead to a succession from phytoplankton communities dominated by diatoms to phytoplankton communities dominated by species that are not taken up by higher trophic levels (e.g. Phaeocystis sp., Gonyaulax sp., Chrysochromulina sp.) (Schelske et al., 1983; Smayda, 1990; Smayda, 1997) . The North Sea, with extensive input of nutrients from rivers (Rhine, Elbe, Schelde) and its isolated nature, has been characterized by increasing eutrophication events (Lancelot et al., 7987; Brockmann et al., 1988; Richardson, 1989; Lancelot, 1995; Ducrotoy et al., 2000) .
Coastal zone ecosystems are strongly affected by natural variations in climate (Holligan & Reiners, 1992) . Human induced climatic changes can accordingly have a further effect on the ecology of estuarine environments. Regional and global shifts in temperature, changes in cloud cover, increasing or decreasing precipitation regimes and sea level rise are among the most commonly cited alterations due to human impact on the trace gas composition of the atmosphere (Mitchell, 1989, Wigley & Raper, lg92) . A reliable forecasting of global change effects on the land-ocean interface is one of the key aspects in the Land-Ocean-Interactions-in-the-Coastal-Zone-programme (LOrcD, a core project of the International Geosphere-Biosphere Programme (IGBP) -a IJ (Kondratyev & Pozdnyakov, 1996) . Studies, both observational and theoretical, addressing the issue of material fluxes to coastal zones under changing extemal forcing conditions, have a critical intemational importance.
Our aim is to focus on the impact of changing hydrological conditions on estuarine water quality and fluxes of nutrients to coastal waters. Generally, in river basins in temperate regions (Belgium, Quebec, Scotland) , an increase in discharges and flooding events is predicted (Gellens & Roulin, 1998; Roy et al., 2001; Wenitty, 2002 (1996) (1997) (1998) (1999) (2000) where studied under these continuously increasing discharge conditions. Covariation between long-term nutrient and oxygen concentrations on the one hand and freshwater discharges on the other hand was examined using standard least-squares linear regression to assess correlation between nutrient concentrations or nutrient fluxes and discharse.
Materials and Methods

Study area
The Schelde estuary @ig. 4.1), located in Northern Belgium (Flanders) and the Southwest Netherlands, has a long history of extensive anthropogenic pollution (De Pauw, 1971; Bakker & Heerebout,l97l; Wollast, 1988; Boderie et al.,1993 , Baeyens, 1998 . It is known as extremely eutrophic and receives large inputs of nutrients from non-point as well as point sources (Heip, 1988 Water quality and discharge data were analyzed for Dendermonde, Antwerp and vlissingen, respectively 120 km and 80 km upstream of the mouth of the estuary and at the mouth, as well as for the Rupel tributary @ig. a.1). Winter and summer were defined as January-March and June-September respectively. These periods were chosen because they show the least intra-annual variation in water quality and low and high chlorophyl a-concentrations (biological activity) respectively (Van Damme, pers. comm.) . To measure the influence of discharge on quality trends, it is important to make a seasonal distinction, as nutrient concentrations and discharge show similar seasonal trends.
Discharged loads per time unit 19 s-r) were calculated from equation (1): F=o*s-EAdt ox in which F is flux (mol s-' over cross-surface), Q is freshwater discharge 1m3 s-r;, s is concentration (mol m-3), E is dispersion coefficient (-' t t) and A is cross-surface (m2).
This equation is at the basis of the model used in Soetaert & Herman (1985 For regression analysis on the concentration and freshwater discharge data, these data were log-transformed (log (x+1)). (Log-transformed concentrations were in mg N L-r' mg P L-r, mg 02 L-t, mg Cl-r, mg Si L 1). This is an effective transformation to normalize estuarine water quality data (Jordan et al.,l99l; Doering, 1996 Discharged loads of silica nearly doubled (Fig. a.ag) . Ammonia loads dropped to near zero over the same period (Fig. 4.4e ). Discharged nitrogen, silica and phosphorus loads were much higher at Vlissingen than upstream at Dendermonde. The relation between discharge and DSi-, ammonia-and nitrate-concentrations in the tidal freshwater was further studied in the periods October-March (low biological activity) and April-September (high biological activity) (Fig. a.5 by retention and sedimentation of P within the turbidity maximum, at the freshwatersaltwater interface (wollast, 1982; zwolsman, 1994 (Fig.4.9 ). These efforts have mainly concentrated on point sources of nutrient pollution. The vast amounts of money invested in point-pollution reduction did not result in decreasing total discharges ofN to coastal waters, due to the changing hydrological conditions. In contrast' total Ndischarges even increased. In the Seine estuary (France) and the Schelde, it was predicted that reduced organic C input to estuaries would result in increasing discharges of N to coastal waters due to a decrease in denitrification (Soetaert & Herman, 1995;  Billen & Gamier, 1997) .lncreasing freshwater discharge and surface run-off will only add to this problem. 
